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Advanced Teleoperation: Technology Innovations and Applications

‘Description:

(OVelView)

Telcoperation is the. remote performance of a task under direct manual control of a human operator. Teleoperators are
valuable assets for hazardous work inunstructured environments, which increasingly include nuclear-hazardous materials
handling, underseas exploration & salvage, mhic-assisted surgery, and space operations. A related technology and applica-
tions arca is virtual reality and virtual environments;c.g., the operator commands a modeled, rather than physical robot, in a
computer-generated wor kspace. Indeed, such graphics-based virtual environments provide useful tools for telcoper at or simu-
lation and system design, including task analysis, operator training, andon-line task prediction. Advanced teleoperation,
whichwe report innovations and applications of here, emphasizes the coupling of advanced real-tinc computing 10 manual te-
loperation: through the intelligent interface of human perception, spatial planning, textual & graphic skills, anti manual dexter-
ity to Dn-line. interactive computing aides, a tclerobot operator canunder take a wider spectiom of more complex tasks,
gencrally wthincreased efficiency and safe.ty. We have developed andrepor tonrelated technology  products that include real-
time 3-1 ) calibrated graphics displays, task visualization & planning systems, and shared manual-automatic controllers for
high-degice-of-ficedom robots utilizing multi-mode sensory input. We have established commercial technology capture for
the contiol architectures and algorithms, and are pursuing same for the graphics displays. We are also secking  new applica-
tions of advanced teleoperationtechnology beyond the mai n NASA emphasis of dexterous space seivicing (per below), anti
onc area of potentialinterest is robotic microsurgery, e.g., as might support high-dexterity, highly tactile, small-scale proce-
dures for viti co-retina] and stereotactic cranial surgery.

(Technical Background)

Our work in telcoperation highlights its space applications, and relate.ci tasks such as remote platfor m servicing, tele-
science, and lunar exploration[1]. These tasks arc complex, time-consuming, and relatively unstroctured. Demands for manual
dexterity arc often high; the work is fatiguing; and uncertainty, whichincludes effects of time.-(ielay,is nearly always present,



Inthe face. of these problems, We have been working along several technical fronts which include redundant telemanipulator
contiol, mul(i-camera viewing and real-time graphics simulation, integrated operator inter face design, and systems-scale
ground laboratory experiments. WC reported some of these technology developments in [7]. Our main experimental thrust is
cnd-to-end performance charade.riz.aticm -- formal experitnent design, task instrumentation for real-time data capture, integi a(-
c.cJsystem demonstrations, and human factors analysis. Collectively, the goal is to quantify operator limitations, component
technology requirements, anti their interdependencies, allin the contextof meaningful tasks with realistically posed system-
level operational constraints (lighting, task gecometiy, time-clc.lay, control & communication bandwidths, viewing & display
limitations, etc.). Accompanying technica issues arc reduction of operator error, workload, and training, each in itself a signif-
icant risk and cost diiver for space operations. Toward these ends, wc. have been cmphasi zing advanced approaches to telcop-
eration, inthe functional areas of task perception, planning, @and contiol. The advanced teleoperation concept{ 11 is onc of
computer-assisted telemanipulation, wherein the operator remains in manual control of the task, but with extended functional
capabilitics and reduced cognitive complexity of task interaction. Coinputer assists may encompass interactive planning/simu-
lation aids[3], programming/conymand/status inter face.dfl], and man-machine interactive mode.s of sensor-basccl control, c.g.,
“shad compliance control”[2, and refs. therein]. Advanced teleoperation often also entails sensory fusion and/or decential -
ized control, given that sensing, planning, and control functions arc inherently shared between operator and computer [5]. In
the controls arca, we have developed avariet y of kinesthetic position, 1 ate., force-fe.dback, and act ive compliance modes for
teleoperation| 6, and refs therein]; these were firstapplied to dua six degree of frecdom (d.o.f.) manipulators and are now be-
ing implemented on ncw 8 d.o f. offset-axis redundant manipulators[7); we have comparatively c.valuated these control modes,
along With more traditional position and rate approaches, through simulated space seivicing with a dual six degree-of-ft eedom
armteleoperator. We (ic.scribe experiments in which we re-enacted Solar Maximum Mission sateiiitc. repaii procedures, as
were originally pei formed by astronaut extra- vehicular activity (EVA) during a 1984 space shuttle flight[6]. Our recent control
designs include computer-interactive redundancy planning and dexterity alocation for the cight d.o.f. manipulator [7], and we
outline this. Othey supporting developments arc rea-time. graphics environments which allow operators to animate, analyze,
and tiain on teleoperator tasks [2, 3]. in this area, we over view a 0-d-0.1. tclcoper ation vittual reality simulator which not only
includes calibrated 3-1 kinematics anti viewing (with respect the actual environment being viel cd/sillILIatcei), but aso incor-
porates modeled contact dynamics with both visual indicators and hand-controller force-fc.cdoad to the operator]3, andrefs.
tbc.rein]. Wchave recently applied such real-time graphics preview/simulati o /yedictive displays to simulated robotic servic-
ing of the Hubble Space Telescope, and we will briefly outline this technology demonstration anti its commercialrelevance.
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Fig.“1. Advanced telcoperation applied to the Solar Maximum satellite repair task [2, 6]



Tig. 2. 8-d. o.f. manipulator for advanced teleoperation experiments{6)
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Fig. 3. Real-time graphics:(left) kinematic feasibility analysis for coopcerative 8-d.of. arms and
Solar Max satellite repair; (right) opc.rater training for simulated peg-in-hole task,
including visualforce indicators and kinesthetic force feedback to hand-controller(3]



